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(57) ABSTRACT

A flying drone for inspecting surfaces able to reflect light has
a lighting device formed of two light sources each having a
shape that is elongate in a longitudinal direction of each of
the light sources, two first image acquisition devices, and a
second image acquisition device between the two first image
acquisition devices. The two light sources are respectively
between the second image acquisition device and each of the
first image acquisition devices. The flying drone allows
effective detection of dents in surfaces by analyzing specular
reflections, by the lighting device and of the first image
acquisition devices, and effective detection of superficial
defects on surfaces by the second image acquisition device,
with the lighting device switched off.
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1
FLYING DRONE FOR INSPECTING
SURFACES, AND METHOD FOR
INSPECTING SURFACES BY SUCH A
FLYING DRONE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to French patent applica-
tion number 20 12246 filed on Nov. 27, 2020, the entire
disclosure of which is incorporated by reference herein.

TECHNICAL FIELD

The disclosure herein relates to a flying drone for inspect-
ing surfaces and to a method for inspecting a surface able to
reflect light, such as the external surface (or skin) of an
aircraft, notably so as to detect dents and superficial defects
in such a surface. Such dents may be caused notably by a
falling object or by bird strike, whereas such superficial
defects may be the result of scratches, fine cracks, etc.

BACKGROUND

Dents and superficial defects in the external surface of an
aircraft have conventionally been detected by visual inspec-
tion. In that case, the position of the dents and superficial
defects have been identified manually using measuring tools
such as tape measures, with reference to visible structural
elements such as frames, stringers or ribs that form the
internal structure of the fuselage or of the wing.

Such an operation involves the intervention of numerous
operators and is lengthy to perform, particularly in instances
in which scaffolding has to be erected in order to access an
upper part of the aircraft.

The use of drones equipped with telemetry devices for
detecting and measuring dents in the external surface of an
aircraft has also been proposed, in document FR3038109B1
(and its equivalent U.S. Pat. No. 9,830,411B2).

This method allows a considerable time-saving and a
considerable cost reduction but requires precise a priori
knowledge of the ideal (i.e. defect-free) geometry of the
surface that is to be analyzed, and is not always able to
achieve sufficient measurement precision.

SUMMARY

The subject-matter of the disclosure herein is a flying
drone and a method which are suitable for inspecting
surfaces, notably surfaces of large dimensions (for example
several hundred square meters), which are efficient and
quick to implement and which are able, at least in part, to
overcome the above-mentioned disadvantages.

To this end, the disclosure herein proposes a flying drone
for inspecting surfaces, comprising:

a chassis bearing one or more rotor(s);

a lighting device formed of two light sources each having

a shape that is elongate in a longitudinal direction of
each of the light sources, and

an image acquisition assembly, comprising:

two first image acquisition devices;
a second image acquisition device positioned between
the two first image acquisition devices; and
wherein the two light sources are positioned respectively
between the second image acquisition device and each
of the first image acquisition devices.
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The way in which a surface is illuminated greatly influ-
ences the detectability of defects in such a surface. Thus,
diffuse lighting is better suited to revealing superficial
defects such as wvariations in the color of the surface,
scratches, runs, or corrosion. In such instances, there is a risk
that an unwanted specular reflection may be confused with
a superficial defect. For example, the reflection of a line
might be confused with a scratch. By contrast, the specular
reflection of a known pattern off a sufficiently glossy surface
may make it possible to identify three-dimensional defects
such as dents or bumps.

Thus, the flying drone according to the disclosure herein
is of particular benefit in that it allows both effective
detection of dents in surfaces by analyzing specular reflec-
tions, by the lighting device and of the two first image
acquisition devices, and effective detection of superficial
defects in the surfaces, by the second image acquisition
device, with the lighting device switched off, as will become
more clearly apparent in what follows.

The respective masses of these different devices and the
contributions they make to the moment of inertia of the
drone may further be optimized according to the needs
specific to the two aforementioned detection types, so as to
limit, as best possible, the overall mass of the flying drone
and the overall moment of inertia thereof.

As a preference, at least when the flying drone is in one
particular state, the two light sources, the two first image
acquisition devices and the second image acquisition device
are aligned along an axis of alignment corresponding to the
longitudinal direction of each of the light sources.

In one preferred embodiment of the disclosure herein, the
flying drone comprises two supports of elongate shape borne
by the chassis and extending parallel to the axis of align-
ment, the two first image acquisition devices are rigidly
fixed to the two supports respectively, and the two light
sources are rigidly fixed to the two supports respectively.

As a preference, the flying drone comprises a first drive
device configured to make each of the two first image
acquisition devices and/or each of the two light sources
rotate about a first axis, where applicable parallel to the axis
of alignment, in an angular amplitude range at least equal to
30 degrees.

The first axis is advantageously offset from the rotors of
the flying drone so that these rotors remain outside a field of
view of each of the two first image acquisition devices
whatever the orientation of the latter in a range of at least
180 degrees about the first axis.

For this purpose, the first axis is, for example, offset from
the rotors of the flying drone in a direction orthogonal to a
mean direction of respective axes of the rotors.

Furthermore, the two light sources are advantageously
configured to emit green light.

As a preference, the flying drone comprises a gyrostabi-
lizer by which the second image acquisition device is fixed
to the chassis.

As a preference, the flying drone comprises a second drive
device configured to make the second image acquisition
device rotate about a second axis, where applicable parallel
to the axis of alignment, in an angular amplitude range at
least equal to 30 degrees.

The second axis is advantageously offset from the rotors
of the flying drone so that these rotors remain outside a field
of view of the second image acquisition device whatever the
orientation of the latter in a range of at least 180 degrees
about the second axis.
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For this purpose, the second axis is, for example, offset
from the rotors of the flying drone in a direction orthogonal
to the mean direction of the respective axes of the rotors.

The disclosure herein also relates to a method for inspect-
ing a surface able to reflect light, comprising at least the
following steps:

A) Obtaining the use of a flying drone of the type

described hereinabove;

B) Moving the flying drone past the surface along a
trajectory, alternating phases of pseudo-hovering flight
and transient phases during which the speed of travel of
the flying drone is greater than the speed, if any, of the
flying drone in the phases of pseudo-hovering flight, so
as to carry out the following steps:

B1) During the transient phases, with the light sources
illuminated, acquiring at least a series of images of
portions of the surface by each of the first image
acquisition devices so that, for each image in each
series, the lighting device is illuminating the corre-
sponding portion of the surface;

B2) During the phases of pseudo-hovering flight, with
the light sources switched off, acquiring other
images of portions of the surface by the second
image acquisition device, the other images acquired
in step B2 having a resolution greater than that of the
images acquired in step B1.

In general, the method according to the disclosure herein
allows a surface to be inspected in a particularly effective
manner using the flying drone of the type described here-
inabove. In particular, the images acquired in step B1 allow
the detection of dents in the surface by analyzing the
specular reflection of the lighting device, a task for which
moderate resolution may suffice, whereas the other images
acquired in step B2, because the lighting device is switched
off and their resolution is better, are optimized for detecting
superficial defects.

Detecting dents in the surface by analyzing the specular
reflection of the lighting device notably allows surfaces of
very large dimensions, for example several hundred square
meters, to be analyzed in a particularly quick, effective and
reliable way, without requiring precise prior knowledge of
the shape of these surfaces.

In some embodiments of the disclosure herein, the
method further comprises a step C1 consisting in or com-
prising operating a data processing device to analyze the
shape of a specular reflection of the lighting device in all or
part of the images of each series of images that is acquired
in step B1, so as to estimate the position of any dents in the
surface.

In some embodiments of the disclosure herein, step C1
comprises, for each series of images that is acquired in step
B1, the following steps:

C1-I) For each image of the series of images, operating

the data processing device so as to:

cl) Identify the specular reflection of the lighting
device in the image;

c2) From the specular reflection identified in the pre-
ceding sub-step, estimate the median position,
orthogonally to the longitudinal direction of the two
light sources, of an ideal specular reflection of the
lighting device in the image, corresponding to the
median position of such a specular reflection in the
absence of any dent in the surface;

c3) Determine a distance between the flying drone and
the surface;
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c4) Determine the position, on the surface, of each
point of an origin of the specular reflection of the
lighting device in the image;

c5) Estimate a local gradient of the surface at each point
of the origin of the specular reflection, at least from
an estimate of any distance there might be between
each point of the specular reflection of the light
source in the image and the estimated median posi-
tion of the ideal specular reflection;

C1-II) From all of the estimated local gradients obtained
as the outcome of step C1-I for at least one region of the
surface, operating the data processing device so as to
estimate the position of any dents there might be in the
surface.

In some embodiments of the disclosure herein, the
method further comprises a step C2 that consists in or
comprises operating a (or the) data processing device so as
to analyze the other images acquired in step B2, so as to
detect any superficial defects there might be in the surface.

Where it is desirable to do so, the method according to the
disclosure herein allows all or part of analysis step C to be
automated. When the ideal geometry of the surface that is to
be inspected is known, at least roughly, the control of the
movement of the flying drone can be performed entirely or
partially in a programmed manner, so that it is also possible
for step B of the method to be automated.

The disclosure herein also relates to a system for inspect-
ing a surface able to reflect light, comprising a flying drone
of the type described hereinabove, and a data processing
device configured to implement at least one of the steps C1
and C2 of the method.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure herein will be better understood, and
further details, advantages and features thereof will become
apparent from reading the following description given by
way of non-limiting example and with reference to the
attached drawings in which:

FIG. 1 is a schematic perspective view of a flying drone
for inspecting surfaces able to reflect light;

FIG. 1A is a view on a larger scale of part of FIG. 1,
notably illustrating a first image acquisition device of the
flying drone;

FIG. 1B is a view on a larger scale of another part of FIG.
1, notably illustrating a second image acquisition device of
the flying drone;

FIG. 2 is a schematic side view of the flying drone of FIG.
1

FIG. 2A is a view on a larger scale of part of FIG. 2,
notably illustrating the second image acquisition device:

FIG. 3 is a schematic view, from above, of part of the
flying drone of FIG. 1, notably illustrating the second image
acquisition device;

FIG. 4 is a schematic perspective view of a surface able
to reflect light;

FIG. 5 is a schematic partial side view of the surface of
FIG. 4 and of a system for inspecting surfaces able to reflect
light, comprising the flying drone of FIG. 1 and a data
processing device, during the implementation of a step B of
a method for inspecting the surface;

FIG. 6 is a schematic view in cross section of the surface
of FIG. 4 and of the system of FIG. 5, during the imple-
mentation of step B of the method.

FIG. 7 is a view similar to FIG. 6;
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FIG. 8 is a schematic partial side view of the surface of
FIG. 4 and of the system of FIG. 5, during the implemen-
tation of step B of the method;

FIG. 9 is a schematic partial view from above of the
surface of FIG. 4 and of the system of FIG. 5, during the
implementation of step B of the method;

FIG. 10 is a partial view of an image of a series of images
acquired during a step B1 forming part of step B of the
method;

FIG. 11 is a view of the image of FIG. 10 after processing
applied by the data processing device in the context of steps
of the method;

FIG. 12 is a view similar to FIG. 11, illustrating another
step of the method;

FIG. 13 comprises, in the upper part, a collection of
images from the series of images acquired during the step B1
of the method, rotated through 90 degrees and, in the lower
part, a graph of values of local gradients of the surface as a
function of a curved abscissa value on the surface in the
plane A-A of the upper part of this figure, these gradient
values being estimated by the data processing device in the
context of a step of the method;

FIG. 14 is a graph of values of dents in the surface as a
function of the curved abscissa value on the surface in the
plane A-A of the upper part of FIG. 13, these dent values
being estimated by the data processing device in the context
of a step of the method;

FIG. 15 is a three-dimensional graph illustrating a map of
part of the surface reconstructed at the end of the method;
and

FIG. 16 is a flow diagram of the method according to a
preferred embodiment of the disclosure herein.

In all of these figures, identical references may denote
elements that are identical or analogous.

DETAILED DESCRIPTION

A flying drone 12 according to one preferred embodiment
of the disclosure herein will be described first of all, with
reference to FIGS. 1 through 3.

In general, flying drone 12 comprises a chassis 22 bearing
one or more rotor(s) 24; a lighting device 16 formed of two
light sources 16 A, 16B each having a shape that is elongate,
preferably longilinear, defining a longitudinal direction D of
each of the light sources 16 A, 168; and an image acquisition
assembly 17.

The image acquisition assembly 17 comprises two first
image acquisition devices 14A, 14B, and a second image
acquisition device 15 positioned between the two first image
acquisition devices 14A, 14B.

In addition, one, 16A, of the two light sources is posi-
tioned between the second image acquisition device 15 and
one, 14A, of the first image acquisition devices, whereas the
other light source 16B is positioned between the second
image acquisition device 15 and the other first image acqui-
sition device 14B.

In the embodiment described, the lighting device 16 and
the image acquisition assembly 17 are positioned in such a
way that, at least when the flying drone 12 is in one
particular state (particularly for a given relative orientation
of the image acquisition devices, such as the orientation
illustrated in the figures), the two light sources 16A, 16B, the
two first image acquisition devices 14A, 14B and the second
image acquisition device 15 are aligned or substantially
aligned along an axis of alignment AA corresponding to the
longitudinal direction D of the light sources 16A, 16B
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which, in such a case, is the same for each one of the light
sources 16A, 16B and thus defines a longitudinal direction
of the lighting device 16.

In particular, having the two light sources 16A and 16B
aligned or nearly aligned means that the overall specular
reflection of the lighting device 16 off a planar surface, and
seen by each of the image acquisition devices, has a sub-
stantially rectilinear elongate shape. Of course, the space
needed for the second image acquisition device 15 between
the two light sources 16A, 16B results in a discontinuity in
the aforementioned specular reflection, which can easily be
taken into consideration in implementing the dent detection
method that will be described in what follows.

The chassis 22 of the flying drone is formed for example
of three longitudinal bodies, namely a central body 220 and
two lateral bodies 222A and 222B which are connected
pairwise by a network of connecting elements such as rods,
bars or beams and of which some, for example 224 A, 224B,
225A, 2258, 226A and 226B, are oriented transversely to
the longitudinal bodies 220, 222A, 222B, while others 227
are oriented obliquely with respect to the longitudinal bod-
ies.

The central body 220 is provided with a fork 230 at one
longitudinal end thereof, defining a front side of the flying
drone 12. With reference to FIGS. 1B, 2A and 3, the fork 230
comprises two arms 232A, 232B each extending from a base
234 rigidly fixed to the central body 220. The connecting
elements 224 A, 224B situated on the front side of the drone
respectively connect the lateral bodies 222A, 222B of the
chassis 22 to the arms 232A, 232B of the fork 230. The
second image acquisition device 15 is arranged between the
two arms 232A, 232B, as will become more clearly apparent
in what follows.

The rotors 24 are, for example, four in number, and are,
for example, coplanar or substantially coplanar (FIG. 1). The
rotors 24 thus have respective axes of rotation 240 which are
oriented in a vertical direction VD of the drone, which is
orthogonal to a horizontal plane H of the drone defined by
the rotors 24. In a more general case, in which it is possible
for the rotors not to be rigorously coplanar, such a horizontal
plane may be defined as being a mean plane of the rotors 24,
and the vertical direction VD may be defined as being a
mean direction of the respective axes of rotation 240 of the
rotors. More generally, the horizontal plane H may be simply
defined as being a plane corresponding to a possible attitude
that the flying drone 12 may adopt when flying in hovering
flight.

In the example illustrated, the axis of alignment AA is
parallel to the horizontal plane H and defines a transverse
direction TD for the flying drone 12. In addition, the
longitudinal bodies 220, 222A, 222B extend generally in a
direction orthogonal to the transverse direction TD and
parallel to the horizontal plane H, defined as being the
longitudinal direction LD for the flying drone 12. The
vertical direction VD is thus orthogonal to each of the
longitudinal direction LD and transverse direction TD. The
front side of the drone and a rear side thereof are opposite
sides in the longitudinal direction LD.

In the embodiment described, the flying drone 12 com-
prises two supports 28A, 28B of elongate shape borne by the
chassis 22 and extending parallel to the axis of alignment
AA. The two first image acquisition devices 14A and 14B
are each rigidly fixed to a corresponding support 28 A, 28B.
Likewise the two light sources 16A, 16B are rigidly fixed to
a corresponding support 28A, 28B.

The flying drone 12 further comprises a first drive device
30 configured to make each of the two first image acquisition
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devices 14A, 14B and/or each of the two light sources 16A,
16B rotate about a first axis Al parallel to the axis of
alignment AA (FIGS. 1A and 1B), preferably in a synchro-
nized manner.

The amplitude of the angular range of possible orienta-
tions for the elements moved by the first drive device 30, in
other words the maximum amplitude of movement permit-
ted by the first drive device 30 is at least equal to 30 degrees,
preferably at least equal to 90 degrees, and more preferably
still, at least equal to 160 degrees.

The first axis Al is advantageously offset from the rotors
24 of the drone and therefore, in particular, situated outside
of the zone swept by the blades of the rotors 24, so that the
rotors 24 remain outside a field of view of each of the two
first image acquisition devices 14A, 14B whatever the
orientation of the devices in a range of at least 180 degrees
about the first axis Al and preferably whatever the orienta-
tion of the devices in the entirety of their angular range
permitted by the first drive device 30.

For this purpose, the first axis Al is offset with respect to
the rotors 24 in a direction orthogonal to the vertical
direction VD of'the drone, in this instance in the longitudinal
direction LD of the drone. Such an offset may, or may not,
be accompanied by an offsetting of the first axis Al with
respect to the rotors 24 in the vertical direction VD. In the
example illustrated, the first axis Al is thus offset towards an
upper side of the drone, with respect to the horizontal plane

In the example illustrated, the first drive device 30 is
configured to make each of the two supports 28 A, 28B rotate
about the first axis Al, and thus drive a joint rotational
movement of the first image acquisition devices 14A, 14B
and of the light sources 16A, 16B.

To this end, each of the supports 28A, 28B comprises for
example arod 280A, 280B having one end mounted with the
ability to pivot in a front end of the corresponding lateral
body 222A, 222B of the chassis 22 (FIG. 1A), and an
opposite end mounted with the ability to pivot in a corre-
sponding connecting body 228A, 228B (FIGS. 1B and 3)
borne by (or solidly attached to) a front end of a correspond-
ing arm 232A, 232B of the fork 230. One end of a corre-
sponding connecting element 224A, 224B is also fixed
rigidly to each of the connecting bodies 228A, 228B. The
light source 16A, 16B and the corresponding first image
acquisition device 14A, 14B are rigidly fixed to each of the
rods 280A, 280B. In addition, a driven gear 282A, 282B is,
for example, rigidly fixed to each of the rods 280A, 280B.

With reference to FIGS. 1B, 2A and 3, the first drive
device 30 comprises, for example, two servomotors 301A,
301B borne respectively by the arms 232A, 232B of the fork
230, two driving gears 302A, 302B rigidly fixed to respec-
tive output shafts of the servomotors, and two intermediate
gears 304 A, 304B, for example mounted with the ability to
pivot on the connecting elements 224 A, 224B situated on the
front side of the drone, and each in mesh with both a
corresponding driving gear 302A, 302B and a corresponding
driven gear 282A, 282B so as to transmit a rotary movement
of the corresponding servomotor to the corresponding rod
280A, 280B and thus drive the joint rotational movement of
the first image acquisition devices 14A, 14B and of the light
sources 16A, 16B.

Moreover, the flying drone 12 comprises a gyrostabilizer
32 by which the second image acquisition device 15 is fixed
to the chassis 22. In the example illustrated, the gyrostabi-
lizer 32 is arranged between the arms 232 A, 232B of the fork
230. This gyrostabilizer 32 is, for example, of the type
commonly referred to as a “gimbal” which in the well-
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known manner combines a Cardan-type suspension with a
collection of electromechanical actuators and sensors, such
as servomotors, which are configured to compensate for any
parasitic movement of an amplitude lower than a maximum
gyrostabilization amplitude, thus ensuring a stable orienta-
tion for the second image acquisition device 15.

The gyrostabilizer 32 is advantageously configured to
stabilize the second image acquisition device 15 along a
longitudinal axis LA and a transverse axis TA (FIGS. 1B and
3). To do that, the gyrostabilizer 32 comprises, for example,
a gondola 320, to which the second image acquisition device
15 is rigidly fixed, an arm 322 on one end of which the
gondola 320 is mounted with the ability to rotate about the
transverse axis TA, and which is itself mounted at its other
end on the base 234 of the fork 230 with the ability to rotate
about the longitudinal axis LA. In the way known per se, the
gyrostabilizer comprises a first servomotor and a second
servomotor (which are not visible in the figures) respectively
configured to make the gondola 320 rotate about the trans-
verse axis TA and to make the arm 322 rotate about the
longitudinal axis LA so as to compensate for any parasitic
movement of an amplitude lower than the maximum gyro-
stabilization amplitude.

As an alternative, the gyrostabilizer 32 may of course be
configured so that it also provides gyrostabilization about a
vertical axis (parallel to the vertical direction VD). The
vertical direction is nevertheless the direction that requires
the least amount of gyrostabilization because it is advanta-
geous, for the sake of weight saving and therefore greater
autonomy, not to provide gyrostabilization about a vertical
axis.

The flying drone 12 further comprises a second drive
device 34 configured to make the second image acquisition
device 15 rotate in a determined angular range about a
second axis A2 parallel to the axis of alignment AA and, for
example, coincident with the transverse axis TA of the
gyrostabilizer 32. In that case, the second drive device 34
comprises, for example, the aforementioned first servomo-
tor, the latter providing both the gyrostabilization about the
transverse axis TA and the changes of orientation of the
second image acquisition device 15 in the aforementioned
angular range of which the amplitude is, in general, greater
than the maximum gyrostabilization amplitude.

The amplitude of the aforementioned angular range is
advantageously at least equal to 30 degrees, preferably at
least equal to 90 degrees and, more preferably still, at least
equal to 160 degrees.

The second axis A2 is advantageously offset from the
rotors 24 of the drone and therefore, in particular, situated
outside of the zone swept by the blades of the rotors 24, so
that the rotors 24 remain outside a field of view of the second
image acquisition device 15 whatever the orientation of the
device in a range of at least 180 degrees about the second
axis A2 and preferably whatever the orientation of the
device in the entirety of its angular range permitted by the
second drive device 34.

For this purpose, the second axis A2 is offset with respect
to the rotors 24 in a direction orthogonal to the vertical
direction VD of'the drone, in this instance in the longitudinal
direction LD of the drone. Such an offset may, or may not,
be accompanied by an offsetting of the second axis A2 with
respect to the rotors 24 in the vertical direction VD. In the
example illustrated, the second axis A2 is thus offset towards
the upper side of the drone, with respect to the horizontal
plane H.
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The first image acquisition devices 14A, 14B and the
second image acquisition device 15 for example each consist
of or comprise a digital camera or of digital photography
equipment.

The respective sensors of the first image acquisition
devices 14A, 14B are preferably high-resolution, for
example 8 megapixel, RGB trichromatic sensors. In addi-
tion, the first image acquisition devices 14A, 14B are
advantageously configured to deliver a compressed stream at
output, for example a video stream encoded in accordance
with one of the MPEG standards.

The sensor of the second image acquisition device 15 is
preferably likewise an RGB trichromatic sensor, preferably
one having a Bayer array. This sensor advantageously has a
resolution superior to that of the respective sensors of the
first image acquisition devices 14A, 14B, for example a
resolution of 12 megapixels or above. In addition, the
second image acquisition device 15 is advantageously con-
figured to deliver a stream of uncompressed images, for
example coded over 12 bits.

In the embodiment illustrated, each light source 16A, 16B
consists of or comprises a longitudinal row of lighting
elements, for example light-emitting diodes (LEDs) borne
by—or integrated into—a structure of a shape that is elon-
gated in the longitudinal direction D and fixed to the
corresponding support 28A, 28B or integrated into same. As
a variant, several longitudinal rows of lighting elements that
are parallel may be provided on each support 28A, 28B. As
a further variant, each light source 16A, 16B may consist of
or comprise a single luminous element, the shape of which
is elongate in the longitudinal direction D, or of several
lighting elements of this type parallel to one another. Each
light source 16A, 16B is preferably not very directional, so
as to allow it to illuminate surfaces that are to be analyzed.
The degree of openness (in the transverse plane) of the light
beam emitted by each light source 16A, 16B is chosen
according to parameters of the inspection method, a descrip-
tion of which will follow, notably of the shape of the surface
that is to be analyzed and of the mean intended distance
between the flying drone 12 and such a surface during
implementation of the method.

The lighting device 16 preferably has a longitudinal
extent L; ¢ greater than the span of an assembly made up of
the chassis 22 and the rotors 24 of the flying drone 12 and,
for example, equal to 1 meter (FIG. 9) or more. In some
embodiments of the disclosure herein, this longitudinal
extent L, is at least equal to one-and-a-half times the
maximum separation D, between the respective axes of
the rotors 24 of the flying drone 12 (FIG. 1). A longitudinal
extent [, ¢ that is great in comparison with the aforemen-
tioned span optimizes the operational effectiveness of the
inspection method while at the same time limiting the size,
and therefore the cost, of the flying drone 12, as will become
more clearly apparent in what follows. The row of lighting
elements of each of the light sources 16A, 16B comprises,
for example, a linear density of lighting elements that is such
that the light sources 16A, 16B appear to be continually at
a nominal inspection distance at which the inspection
method is intended to be implemented. A high linear density
of lighting elements allows good uniformity of illumination
of the surface that is to be inspected. Of course, the choice
of these parameters may be optimized, notably according to
the dimensions of a surface that is to be inspected.

The light sources 16A, 16B are advantageously config-
ured to emit green light, for which the Bayer-array RGB
sensors with which the first image acquisition devices 14A,
14B are equipped have a spike in sensitivity. Such a color
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further offers the advantage of making it easier to distinguish
between a reflection of the lighting device 16 and parasitic
reflections produced by conventional lighting devices, such
as neon tubes.

The flying drone 12 of course incorporates a battery to
supply the lighting device 16 and the image acquisition
assembly 17 with electrical power. This battery may be
distinct from—or combined with—one or more batteries
used to power the rotors 24, the gyrostabilizer 32, and the
first and second drive devices 30 and 34.

With reference to FIGS. 5 through 7, a system 10 inspect-
ing a surface able to reflect light comprises, according to a
preferred embodiment of the disclosure herein, a flying
drone 12 of the type described hereinabove, and a data
processing device 18.

The data processing device 18 is a generic commercially
available device such as a computer, a tablet or a smart
phone or the like, provided with a program designed to
implement the inspection method according to the disclosure
herein, or is an item of apparatus specifically designed for
implementing this method. In some embodiments of the
disclosure herein, the data processing device 18 may be
carried partially or fully on board the flying drone 12. In all
cases, the data processing device 18 is able to exchange data
with the first image acquisition devices 14A, 14B and the
second image acquisition device 15 of the flying drone 12,
for example via a wireless connection. The data processing
device 18 may advantageously be designed to control the
flight of the flying drone 12 or to interface with a control unit
controlling the flying drone 12.

A method for inspecting a surface able to reflect light,
according to one embodiment of the disclosure herein, will
now be described with continuous reference to FIG. 16.

A first step A of such a method involves obtaining the use
of the flying drone 12 or, as may be, of the full system 10.

FIG. 4 illustrates part of a surface 30 to be inspected. The
method according to the disclosure herein therefore becomes
applicable when the surface 30 has enough gloss to allow a
specular reflection of the lighting device 16 to be discerned
on this surface. In this regard, the method is preferably
applied to surfaces having a degree of specular gloss at least
equal to 10% (within the meaning of standard ISO 2813). It
should be noted that the method according to the disclosure
herein can be applied to surfaces having an “orange-peel
effect”, this effect being due, for example, to the type of
paint with which such a surface may be coated, as will
become more clearly apparent in what follows.

The disclosure herein is applicable to surfaces for inspec-
tion that exhibit varying geometries. However, in the context
of the illustrated embodiment of the disclosure herein, the
surface 30 that is to be inspected has, discounting any dents
there might be, a geometry that is such that, in any plane of
section orthogonal to a certain direction, the function 0(s)
that determines the angle 0 that the vector n normal to the
surface at the abscissa point s makes with respect to a
reference plane, such as a horizontal (X, Y) plane, defined
with respect to an orthonormal reference system {X, Y, Z},
as a function of the curvilinear abscissa value s in the plane
of section (FIG. 4) is a bijective function.

The surface 30 is thus a surface of cylindrical shape of
circular cross section or, in a variant, a surface of cylindrical
shape of elliptical or oval cross section, or more generally,
of'annular cross section that can be approximated locally by
a cylinder of revolution. In this case, the plane or planes of
section considered for implementing the method are prefer-
ably planes transverse to an axis AX of the surface, whereas
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the horizontal reference plane, for defining the angle 9 and
the curvilinear abscissa value s, contains the axis AX.

In one particular application of the method according to
the disclosure herein, the surface 30 is the exterior surface
of an aircraft, particularly the exterior surface of the fuselage
of an airplane.

In other embodiments of the disclosure herein, the surface
30 is a surface of conical shape, in which case the surface 30
is approximated locally by a cylinder of revolution for
implementing the method.

With reference to FIG. 5, the method according to the
disclosure herein comprises a step B consisting in or com-
prising moving the flying drone 12 past the surface 30 along
a trajectory T1 or T3, alternating phases of pseudo-hovering
flight ST, in which the flying drone 12 is substantially
stationary or moves at a relatively low speed in the vicinity
of a predetermined flight point, and transient phases TR
connecting two successive flight points and during which the
speed of travel of the drone is greater than the speed, if any,
of'the drone in the phases of pseudo-hovering flight, so as to
implement the following steps B1 and B2 during the tran-
sient phases TR and during the phases of pseudo-hovering
flight ST, respectively.

With reference to FIGS. 5 through 8, step B1 consists in
or comprises, during the transient phases TR, with the light
sources 16A, 16B switched on, acquiring at least a series of
images {I(1) . . . I(n)} of portions (P(1) . . . P(n) of the
surface 30 by each of the first image acquisition devices
14A, 14B and, optionally, by the second image acquisition
device 15 as the flying drone 12 moves past the surface 30.

The trajectory T1 or T3 is such that a respective optical
axis 40 (FIGS. 5 and 7) of each of the first image acquisition
devices 14A, 14B remains in a corresponding plane of
section of the surface 30 (for example the plane of section
of FIGS. 6 and 7). In the example illustrated, each light
source 16A, 16B is thus kept in an orientation such that the
longitudinal direction D thereof is secant with the corre-
sponding plane of section and such that, for each image
I1) . . . I(n) in the series, the corresponding light source
16A, 16B illuminates the corresponding portion P(1) . . .
P(n) of the surface 30. In the example illustrated, each light
source 16A, 16B is kept in an orientation such that the
longitudinal direction D thereof is orthogonal to the plane of
section.

In the preferred embodiment of the disclosure herein, the
trajectory T1 or T3 of the flying drone 12 during acquisition
of a given series of images {I(1) . . . I(n)} is a trajectory
contained inside a plane of section A-A transverse to the axis
AX of the surface 30.

Where applicable, with reference to FIG. 5, the overall
trajectory of the flying drone 12 for the successive acquisi-
tion of several series of images by each of the first image
acquisition devices 14A, 14B comprises first trajectory
portions T1 and T3 contained respectively in planes of
section A-A transverse to the axis AX of the surface 30, and
second trajectory portions T2 connecting pairs of first tra-
jectory portions T1, T3, for example being oriented substan-
tially parallel to the axis AX of the surface 30. With a view
to effectiveness, the first portions T3 are covered in the
opposite direction compared with the first portions T1 and
are therefore performed in alternation with the latter.

The planes of section transverse to the axis AX, in which
planes the first trajectory portions T1 and T3 are defined, are
spaced apart by a distance such that the entirety of the
surface that is to be analyzed is swept at least once by the
reflection of the lighting device 16 that is seen by at least one
of the image acquisition devices implemented in step B1,
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taking the discontinuity caused by the second image acqui-
sition device 15 into account. It should be noted that FIG. 8
shows the specular reflection viewed by one of the two first
image acquisition devices 14A, 14B.

The images acquired in step B1 are particularly suitable
for detecting dents in the surface 30 by analyzing the
specular reflection SR, it being possible for such detection to
be performed visually or, for preference, by the data pro-
cessing device 18, in a step C1 of the method, as will become
more clearly apparent in what follows.

The flight points are advantageously defined in such a
way as to encourage transitions in which the reflection of the
lighting device 16 sweeps as quickly as possible over the
surface that is to be inspected. During the transient phases
TR, the maximum speeds and accelerations of the flying
drone 12 are regulated in such a way as to ensure the safety
of the operations, whereas image quality is not in fact the
limiting factor in implementing the dent detection method
that will be described hereinafter. During these transmis-
sions, the light sources 16 A, 16B remain illuminated and the
first image acquisition devices 14A, 14B acquire images at
a relatively high rate, for example at a rate of 20 images per
second.

In addition, the second image acquisition device 15 is
advantageously used in the same way as the first image
acquisition devices 14A, 14B during the transient phases TR
s0 as to acquire images of additional portions of the surface
to be analyzed. The number of first trajectory portions T1,
T3 can thus be minimized. The second image acquisition
device 15 in this case is advantageously used at a resolution
lower than its nominal resolution, making it possible to save
on storage memory, and also to reduce the image processing
time.

In one preferred embodiment of the disclosure herein, the
images acquired by the second image acquisition device 15
are transmitted to the ground in real-time throughout the
entirety of step B, whereas the images acquired by the first
image acquisition devices 14A, 14B during step Bl are
stored and processed by a processing unit carried on board
the flying drone and forming part of the data processing
device 18. In such a case, the images acquired by the second
image acquisition device 15 in step B1 may also allow the
quality of the image capture to be checked in real-time.

Finally, on approaching each flight point, the flying drone
12 slows down and the mode of operation of the image
acquisition assembly 17 is modified when the speed of the
drone drops below a threshold, for example 2 cm/s. The
lighting device 16 is switched off and the second image
acquisition device 15 switches to acquisition mode at a
higher resolution and a lower frequency, for example a
frequency of 5 images/s, to implement step B2 of the
method.

Step B2 therefore consists in or comprises acquiring,
during the phases of pseudo-hovering flight ST, with the
light sources 16A, 16B switched off, other images of por-
tions of the surface 30 by the second image acquisition
device 15, these other images having a resolution greater
than that of the images acquired in step B1.

Because of the absence of a reflection of lighting device
16 and because of their better resolution, the other images
acquired in step B2 are particularly well suited to detecting
superficial defects in the surface 30, it being possible for
such detection to be performed visually or, for preference,
by the data processing device 18 in a step C2 of the method,
as will become more clearly apparent in what follows.

Because of the substantially hovering nature of the flying
drone 12, the images acquired in a phase of pseudo-hovering
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flight ST, for example a number of five images, cover
substantially the same portion of the surface that is to be
analyzed and can advantageously be combined in order to
improve the signal-to-noise ratio (SNR) and/or compared so
as to identify any parasitic reflections by virtue of a slight
offset between the images.

As a result, the constraints regarding the level of precision
regarding the feedback control of the position of the flying
drone 12 during the phases of pseudo-hovering flight ST can
be relatively relaxed, tolerating for example an error of a few
centimeters with respect to the setpoint and not ensuring
perfect stability of the drone. Moreover, the flying drone 12
is advantageously equipped with means for measuring its
true position with centimeter precision. Subsequent image
processing may thus allow superficial defects on the
inspected surface to be located to the nearest millimeter.
Such a tolerance allows a significant energy-saving with
respect to the application of a strict positioning setpoint and
also allows the inspection to be performed more rapidly by
not waiting for the drone to become perfectly stabilized with
respect to the surface that is to be inspected.

The method further comprises a step C consisting in or
comprising operating the data processing device 18 to
perform at least one of the following steps C1 and C2.

Step C1 consists in or comprises analyzing the shape of a
specular reflection ISR of the lighting device 16 in all or part
of'the images of each series of images that is acquired in step
B1, so as to estimate the position of any dents 32 in the
surface 30, by the data processing device 18.

More specifically, step C1 comprises, for each series of
images that is acquired in step B1 by each of the first image
acquisition devices 14A and 14B, a step C1-I that consists in
or comprises, for each image I(1) . . . I(n) of the series of
images, operating the data processing device 18 so as to
perform the following sub-steps c1 to c5.

The first sub-step c1 consists in or comprises identifying
a specular reflection of the lighting device 16 in the image
(FIG. 10), for example by segmenting the latter. It should be
noted that, for the sake of simplification, the discontinuity in
the specular reflection caused by the spacing between the
two light sources 16A, 16B has been omitted from the
figures.

To do this, the data processing device for example imple-
ments an adaptive thresholding algorithm. FI1G. 11 illustrates
the corresponding image thus segmented and therefore
reveals the specular reflection ISR thus determined.

The second sub-step c2 consists in or comprises estimat-
ing, from the specular reflection ISR identified in the image
in the preceding step, the median position, orthogonally to
the longitudinal direction D of the light source 16, of an ideal
specular reflection of the lighting device 16 in the image,
corresponding to the median position of such a specular
reflection in the absence of any dent in the surface 30.

To this end, the data processing device 18 determines, for
example using linear regression, a median line ML of the
specular reflection ISR that is oriented parallel to the lon-
gitudinal direction D of the lighting device 16 (FIG. 12).
Such a line can be likened to the median position of the ideal
specular reflection of the lighting device 16 when any dents
32 liable to affect the surface 30 are small in size by
comparison with the longitudinal extent L., of the specular
reflection SR, on the surface 30, of the lighting device 16
(FIGS. 5, 8 and 9).

The third sub-step ¢3 consists in or comprises determining
a distance R between the flying drone 12 and the surface 30.
More specifically, the distance R, is defined, for the first
image acquisition device 14A or 14B considered, as being
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the distance between an optical center OC of the first image
acquisition device 14A or 14B and the surface 30 (namely
the distance between the optical center OC and that point of
the surface 30 that is situated the closest to the optical center
0C).

To that end, the data processing device 18 determines an
apparent longitudinal extent L, of the specular reflection
ISR of the lighting device 16 in the image (FIG. 11) and
from this deduces the distance R between the flying drone
12 and the surface 30 (FIG. 6). With reference to FIGS. 8
and 9, the longitudinal extent [y, of the origin SR, on the
surface 30, of the specular reflection ISR of the lighting
device 16 seen by each of the first image acquisition devices
14A, 14B can be deduced from the longitudinal extent L;
of the lighting device 16 using simple considerations of a
geometric nature. What is meant by “origin of the specular
reflection off the surface 30” is simply the points of the
surface 30 from which the light rays that have formed the
specular reflection ISR in the image have originated.

In the example illustrated, in which the drone comprises
two first image acquisition devices 14A, 14B arranged at the
ends of the lighting device 16, the longitudinal extent g, of
the origin SR, on the surface 30, of the specular reflection
ISR, is equal to half the longitudinal extent L,s of the
lighting device 16. Knowing the longitudinal extent L gz of
the origin SR of the specular reflection ISR on the surface
30, and the intrinsic characteristics of the first image acqui-
sition devices 14A, 148, such as the focal length, the
position of the optical center OC (FIG. 7), and distortion
parameters, if any, the previously determined apparent lon-
gitudinal extent [ ;5 of the specular reflection ISR of the
lighting device 16 in the image can be used to deduce the
distance R between the flying drone 12 and the surface 30.

The third sub-step ¢3 can be performed before, during or
after implementation of the second sub-step c2.

The fourth sub-step c4 consists in or comprises determin-
ing the position, on the surface 30, of each point of the origin
SR of the specular reflection ISR of the lighting device 16
in the image.

In the embodiment illustrated, this sub-step c4 is imple-
mented in a way that will be described hereinafter with more
particular reference to FIG. 7.

From starting data that are the estimated median position
of the ideal specular reflection in the image, corresponding
to the line ML in the example illustrated, the distance Re
between the flying drone 12 and the surface 30, and char-
acteristics of the first image acquisition devices 14A, 14B
(focal length, dimensions of the photosites, position of the
optical center OC, etc.), the data processing device 18
determines the angle y between the optical axis 40 of the first
image acquisition device 14A or 14B concerned and a plane
P defined as being the plane that passes through the optical
center OC of the first image acquisition device and which
contains a median position of an origin of the ideal specular
reflection of the lighting device 16 off an ideal surface 31
corresponding that to the shape that the surface 30 would
have if free of dents. By definition, the origin of the ideal
specular reflection is coincident with the origin SR of the
specular reflection ISR of the lighting device 16 in any
dent-free part of the surface 30.

The plane P therefore comprises the virtual rays of light
R, that would form the specular reflection of the lighting
device 16 received by the first image acquisition device 14A
or 14B concerned if the surface 30 were free of deformation
(FIG. 7). In any dent-free part of the surface 30, these rays
of light R, are oriented in a plane P substantially normal to
the surface 30 when the distance between the optical axis 40
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of the first image acquisition device 14A, 14B and a mean
longitudinal axis of the light sources 16A, 16B (correspond-
ing to the axis of alignment AA in the example illustrated)
remains negligible in comparison with the distance R,
between the flying drone 12 and the surface 30.

Furthermore, the orientation ¢ of the optical axis 40 with
respect to a horizontal plane (X, Y) is determined by a
gyroscope or equivalent device with which the flying drone
12 is equipped, and of information supplied by the first drive
device 30.

By summing the angle y between the optical axis 40 and
the plane P containing the virtual rays of light R, with the
inclination ¢ of the optical axis 40, the data processing
device 18 determines the corresponding angle 6, and from it
deduces the abscissa value s for the median position of the
origin of the ideal specular reflection off the surface 30,
using the bijective relationship between 6 and s.

The data processing device 18 may from that deduce the
position of all of the points of the image on the surface 30
and from that in particular deduces the position, on the
surface 30, of the origin of each point of the specular
reflection ISR of the lighting device 16 in the image. Thus,
the data processing device establishes a correspondence
between each point of the image and each point of the
corresponding portion of the surface 30.

The fifth sub-step ¢5 consists in or comprises estimating
a local gradient of the surface 30 at each point of the specular
reflection SR seen by the first image acquisition device 14A
or 14B concerned, at least from an estimate of any distance
there might be between each point of the specular reflection
ISR of the lighting device 16 in the image and the median
position of the ideal specular reflection, corresponding to the
line ML.

With reference to FIG. 6, implementation of sub-step ¢5
relies on the following reflection model: the surface 30 being
approximated by a cylinder of revolution as explained
hereinabove, R , denotes the local curvature of the surface 30
in a given plane of section, and it is recalled that R_ denotes
the distance between the flying drone 12 and the surface 30.
The angle o denotes the angle between the surface 30
(possibly dented) and the ideal (dent-free) surface. The angle
e, is the angle between a real ray of light R, produced by the
specular reflection SR seen by the image acquisition device
14A (or 14B) concerned, in the plane of section concerned,
when there is a dent 32 in the surface 30, and an ideal ray
of light R, that the specular reflection seen by the image
acquisition device 14A (or 14B) would produce, in the plane
of section concerned, if the dent were not present. This latter
ray is oriented in the plane P substantially normal to the ideal
surface 31 (corresponding to the shape that the surface 30
would have without the dent 32) as explained hereinabove.
The distance A is defined as being the point on the surface
30 from which the real ray of light R, originates, and the
point on the ideal surface 31 from which the ideal ray of light
R, originates.

The width of each light source 16A, 16B (orthogonally to
its longitudinal direction D) and any orange-peel effect there
might be on the surface 30 are modelled together by distri-
bution of orientations Q around a mean angle f3. It may be
readily demonstrated that:

1 1
w=ﬂ+Q=Ea+EC=AX(R—+R—)
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The deviation Q induced by the width of each light source
16A, 16B and by any orange-peel effect there might be can
be considered as being bounded:

Qe[~ Qs +Qnax]

It should be noted that in the case of a surface 30 in the
form of a cylinder of revolution or a shape that can be
approximated to a cylinder of revolution (disregarding any
dents there might be), and of light sources 16A, 16B that are
longilinear and substantially parallel to the axis of revolution
AX of the cylinder, the distortion of the specular reflection
is dependent, in the first order, only on the angle o, whereas
the inclination of the surface 30 in the direction X of the axis
AX takes effect only in the second order.

The data processing device 18 determines an estimate of
the maximum deviation Q,,,,. by estimating the width of the
ideal specular reflection of the lighting device 16 in the
image (which corresponds to the specular reflection that
would be perceived in the absence of dents in the surface
30). To this end, the data processing device 18 determines
the median width I, ~, of the greatest connected portion
ISR-CO of the specular reflection ISR of the lighting device
16 in the image (FIG. 11). Because this median width I;¢; -
is considered to be an estimate of the width of the ideal
specular reflection, the data processing device uses it to
deduce the estimate of the maximum deviation N, ., which
is equal to the median width I, ., divided by twice the
distance R between the flying drone 12 and the surface 30.

Finally, the data processing device 18 estimates any

distance A' there might be between each point of the specular
reflection ISR of the lighting device 16 in the image and the
median position of the ideal specular reflection, which
corresponds to the line ML (FIG. 12), and from this deduces
the corresponding distance A on the surface 30 using simple
geometric considerations.
Given that Qe[-Q,,,.; +Q,,,.] and that p+Q=Ax(1/R_+
1/R,), the data processing device 18 from this deduces a
lower boundary f,,, and an upper boundary §,,,. for the
local gradient  of the surface 30, which gradient is equal to
the differentiation of the denting of the surface 30 with
respect to the curvilinear abscissa value: =0r/3s.

After step C1-I has been implemented for all the images
in each series, the data processing device 18 is in possession
of'a set of in equations regarding the local gradient § of the
surface 30 at each point of the surface 30 that has reflected
a specular reflection of the lighting device 16 at least once
during the course of the image acquisition step B1. By way
of illustration, the upper part of FIG. 13 is a collection of
images thus acquired, which shows such a collection of
points that have reflected a specular reflection of the lighting
device 16, in a given region of the surface 30.

In a subsequent method step C1-II, the data processing
device 18 relies on the set of estimates of local gradients that
have been obtained at the end of the step C1-I, for at least
a region of the surface 30, to estimate the position of any
dents there might be in the surface 30.

To this end, in the preferred example illustrated, the data
processing device 18 performs an optimization task in order
to determine, along different parallel planes of section of the
surface, corresponding profiles of the gradient 3r/as (FIG.
13: lower part) that are compatible with the minimum
gradient values f,,, and maximum gradient values f3,,,.
defined in step C1-I, while at the same time minimizing a
function indicative of the sum of the gradients along each of
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the planes of section (in terms of absolute value). The
optimization performed by the data processing device
relates, for example, to the following integral:

fxmax
Simi

in

ar|?

s

Along each of the planes of section concerned, the data
processing device 18 determines a corresponding dent pro-
file by calculating the integral of the previously determined
local gradients (for example making the assumption of no
dent at the end of the integration domain). FIG. 14 illustrates
the dent curve Ar thus obtained for the plane of section A-A
defined in the upper part of FIG. 13.

By juxtaposing all of the reconstructed dent profiles on
adjacent planes of section, the data processing device 18
determines a map of the depth of the surface 30, or at least
part thereof, as illustrated in FIG. 15.

For a given series of images, the number of planes of
section considered in step C1-I1 is equal for example to the
minimum longitudinal definition (in pixels) of the specular
reflection ISR of the lighting device 16 in the images of the
series.

The data processing device applies, for example, spatial
filtering so as to reduce or eliminate measurement noise and
low frequencies corresponding to large-sized deformations
that do not correspond to the dents that are to be detected.

Finally, the data processing device 18 enumerates any
dents 32 there might be in the surface 30 by likening any
zone of the depth map, corresponding to a depth in excess
of a predetermined threshold, to such a dent.

The dent detection method described hereinabove offers
the notable advantage of being robust with regard to the
movement blur caused by any parasitic vibrations of the
flying drone 12, so that there is no requirement for the first
image acquisition devices 14A, 14B to be gyrostabilized.
This results in a certain advantage in terms of overall mass
and moment of inertia of the drone, and therefore in terms
of autonomy and maneuverability.

Furthermore, the step C2 generally consists in or com-
prises analyzing the other images acquired in step B2 so as
to detect any superficial defects in the surface 30, such as
scratches, fine cracks, runs, etc.

To this end, the processing device 18 advantageously
employs an image combining algorithm so as to increase the
signal-to-noise ratio (SNR) and a contrast detection algo-
rithm, for example.

In general, at any stage in the method, a person skilled in
the art will appreciate that it may be opportune to apply
conventional noise reduction and signal optimization tech-
niques.

A person skilled in the art will also appreciate that the
order of certain steps may differ from that described here-
inabove. For example, steps B1 and C1-1 may be performed
in parallel, the data processing device 18 implementing the
data processing operations of step C1-I for a given plane of
section of the surface 30 while a series of images for another
plane of section of the surface is being acquired or, within
the one same series of images, the data processing device 18
may implement the data processing operations of step C1-I
for a given image while another image of the series is being
acquired.

Because the flying drone 12 is equipped with two first
image-acquisition devices 14A and 14B positioned at the
opposite ends of the lighting device 16, each device per-
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ceives specular reflections of the lighting device 16 which
are offset along the surface 30 that is to be inspected, which
means that the part of the surface analyzed for a journey of
the flying drone along a given plane of section is enhanced
in comparison with what would be achieved with a single
image acquisition device.

The trajectory followed by the flying drone in order to
acquire one or more series of images may differ from that
described hereinabove. In general, it is preferable for the
trajectory (or where applicable the first portions of the
trajectory) of the flying drone for acquiring a series of
images (or each series of images) to be defined according to
a plane of greatest curvature of the surface 30 while, where
applicable, the second trajectory portions are defined along
a plane of lesser curvature of the surface. Thus, in the
example illustrated, the planes of section defining the first
trajectory portions T1 and T3 are transverse to the surface 30
and are therefore planes in which the surface 30 has a curved
(substantially circular) cross section, whereas the second
trajectory portions T2 are defined parallel to the axis AX of
the surface, in which direction the surface 30 has a zero
curvature or smaller curvature.

A person skilled in the art will furthermore appreciate that
the frequency of image capture may be adapted according to
the desired spatial sampling of the surface 30 along a given
plane of section, this sampling being dependent on the
curvature of the surface and on the dimensions of the dents
with which the surface 30 is likely to be afflicted.

Optionally, the method may comprise a step C1-1-b inter-
posed between step C1-I and step C1-11, which involves an
operator visually identifying one or more dents 32 in the
surface 30 in the images acquired in step B1 and selecting
one or more regions of the surface comprising the dent or
dents, so that step C1-1I implemented thereafter by the data
processing device 18 concerns itself only with this region or
these regions. The calculation time required for step C1-II
can thus be reduced. Such a step C1-I-b may, alternatively,
be carried out using an artificial intelligence previously
trained to recognize specular reflection deformations char-
acteristic of a dent in the surface.

Furthermore, sub-step c4 described hereinabove is imple-
mented by taking advantage of the bijective nature of the
8(s) function connecting the orientation 8 of the local normal
n to the surface 30 to the curvilinear abscissa value s on this
surface along a given plane of section.

In a variant, sub-step c4 may rely on other methods for
realigning the acquired images, on the surface 30, notably
methods that do not require the surface 30 to be of a shape
such that the aforementioned 8(s) function is a bijective
function. To this end, sub-step c4 relies for example on the
recognition, in at least some of the acquired images, of
patterns existing on the surface 30. In the event that the
surface 30 is the exterior surface of an aircraft, such patterns
consist of or comprise, for example, rows of rivets. As a
further variant, sub-step ¢4 may rely on the emission of a
structured light by the lighting device 16 and the analysis of
the reflection of structures formed by this light on the surface
30.

In general, the method according to the disclosure herein
allows surfaces of very large dimensions, for example
several hundred square meters, to be analyzed in a particu-
larly quick, effective and reliable way, without requiring
precise prior knowledge of the shape of these surfaces.

The method according to the disclosure herein allows all
of the analysis steps C1-1, C1-1I, C2, and, where applicable,
C1-I-b, to be automated. When the ideal geometry of the
surface 30 that is to be inspected is known, at least roughly,
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the control of the flying drone can be performed entirely or
partially in a programmed manner, so that it is also possible
for step B1 of the method to be automated.

The subject matter disclosed herein can be implemented
in software in combination with hardware and/or firmware.
For example, the subject matter described herein can be
implemented in software executed by a processor or pro-
cessing unit. In one example implementation, the subject
matter described herein can be implemented using a com-
puter readable medium having stored thereon computer
executable instructions that when executed by a processor of
a computer control the computer to perform steps. Example
computer readable mediums suitable for implementing the
subject matter described herein include non-transitory
devices, such as disk memory devices, chip memory
devices, programmable logic devices, and application spe-
cific integrated circuits. In addition, a computer readable
medium that implements the subject matter described herein
can be located on a single device or computing platform or
can be distributed across multiple devices or computing
platforms.

While at least one example embodiment of the inven-
tion(s) is disclosed herein, it should be understood that
modifications, substitutions and alternatives may be appar-
ent to one of ordinary skill in the art and can be made
without departing from the scope of this disclosure. This
disclosure is intended to cover any adaptations or variations
of the example embodiment(s). In addition, in this disclo-
sure, the terms “comprise” or “comprising” do not exclude
other elements or steps, the terms “a”, “an” or “one” do not
exclude a plural number, and the term “or” means either or
both. Furthermore, characteristics or steps which have been
described may also be used in combination with other
characteristics or steps and in any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

The invention claimed is:

1. A flying drone for inspecting a surface able to reflect

light, the flying drone comprising:

a chassis bearing one or more rotors;

a lighting device formed of first and second light sources,
each of which has a shape that is elongate in a longi-
tudinal direction thereof; and

an image acquisition assembly comprising:
two first image acquisition devices; and
a second image acquisition device positioned between

the two first image acquisition devices;

wherein the first light source is positioned between the
second image acquisition device and one of the two
first image acquisition devices;

wherein the second light source is positioned between the
second image acquisition device and another of the two
first image acquisition devices;

wherein the flying drone is configured to move past the
surface along a trajectory, alternating phases of pseudo-
hovering flight and transient phases during which a
speed of travel of the flying drone is greater than a
speed, if any, of the flying drone in the phases of
pseudo-hovering flight, for carrying out steps of:
during the transient phases, with the light sources

illuminated, acquiring at least a series of images of
portions of the surface by each of the first image
acquisition devices so that, for each image in each
series, the lighting device is illuminating a corre-
sponding portion of the surface; and
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during the phases of pseudo-hovering flight, with the
light sources switched off, acquiring other images of
portions of the surface by the second image acqui-
sition device, the other images having a resolution
that is greater than a resolution of images of the
series of images.

2. The flying drone according to claim 1, wherein, at least
when the flying drone is in one particular state, the first and
second light sources, the two first image acquisition devices,
and the second image acquisition device are aligned along
an axis of alignment corresponding to the longitudinal
direction of each of the first and second light sources.

3. The flying drone according to claim 1, comprising two
supports of elongate shape borne by the chassis and extend-
ing parallel to an axis of alignment, wherein the two first
image acquisition devices are rigidly fixed to the two
supports, respectively, and wherein the first and second light
sources are rigidly fixed to the two supports, respectively.

4. The flying drone according to claim 1, comprising a
first drive device configured to cause a rotation of each of the
two first image acquisition devices and/or each of the first
and second light sources about a first axis, the rotation being
in an angular amplitude range at least equal to 30 degrees.

5. The flying drone according to claim 4, wherein the first
axis is offset from the one or more rotors, so that the one or
more rotors remain outside a field of view of each of the two
first image acquisition devices, whatever an orientation of
the two first image acquisition devices, in a range of at least
180 degrees about the first axis.

6. The flying drone according to claim 1, wherein the first
and second light sources are configured to emit green light.

7. The flying drone according to claim 1, comprising a
gyrostabilizer, by which the second image acquisition device
is fixed to the chassis.

8. The flying drone according to claim 1, comprising a
second drive device configured to cause a rotation of the
second image acquisition device about a second axis, the
rotation being in an angular amplitude range at least equal to
30 degrees.

9. The flying drone according to claim 8, wherein the
second axis is offset from the one or more rotors, so that the
one or more rotors of the flying drone remain outside a field
of view of the second image acquisition device, whatever an
orientation of the second image acquisition device, in a
range of at least 180 degrees about the second axis.

10. A method for inspecting a surface able to reflect light,
the method comprising at least steps of:

A) providing a flying drone for inspecting the surface able

to reflect light, the flying drone comprising:

a chassis bearing one or more rotors;

a lighting device formed of first and second light
sources, each of which has a shape that is elongate in
a longitudinal direction thereof; and

an image acquisition assembly comprising:
two first image acquisition devices; and
a second image acquisition device positioned

between the two first image acquisition devices;

wherein the first light source is positioned between the
second image acquisition device and one of the two
first image acquisition devices; and

wherein the second light source is positioned between
the second image acquisition device and another of
the two first image acquisition devices;

B) moving the flying drone past the surface along a

trajectory, alternating phases of pseudo-hovering flight
and transient phases during which a speed of travel of
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the flying drone is greater than a speed, if any, of the

flying drone in the phases of pseudo-hovering flight, to

carry out substeps of:

B1) during the transient phases, with the light sources
illuminated, acquiring at least a series of images of
portions of the surface by each of the first image
acquisition devices so that, for each image in each
series, the lighting device is illuminating a corre-
sponding portion of the surface; and

B2) during the phases of pseudo-hovering flight, with
the light sources switched off, acquiring other
images of portions of the surface by the second
image acquisition device, the other images having a
resolution that is greater than a resolution of images
of the series of images acquired in substep B1.

11. The method according to claim 10, wherein, for each
of the series of images that is acquired in substep Bl, a
trajectory of the flying drone is such that:

an optical axis of each of the first image acquisition

devices remains in a corresponding plane of section of

the surface; and

the first and second light sources are each in an orientation

such that the longitudinal direction thereof is secant

with the plane of section of the surface.

12. The method according to claim 10, further comprising
a step C comprising operating a data processor to analyze a
shape of a specular reflection of the lighting device in all or
part of the images of each of the series of images that is
acquired in substep B1 to estimate a position of any dents in
the surface.

13. The method according to claim 12, wherein step C
comprises, for each series of images that is acquired in step
B1, substeps of:

C1-I) for each image of the series of images, operating the

data processor to perform sub-substeps of:

cl) identify the specular reflection of the first and/or
second lighting sources in the image;
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c2) from the specular reflection identified, estimate a
median position, orthogonally to the longitudinal
direction of the first and second light sources, of an
ideal specular reflection of the lighting device in the
image, corresponding to the median position of such
a specular reflection in an absence of any dent in the
surface;

c3) determine a distance between the flying drone and
the surface;

c4) determine a position, on the surface, of each point
of an origin of the specular reflection of the lighting
device in the image; and

c5) estimate a local gradient of the surface at each point
of the origin of the specular reflection, at least from
an estimate of any distance between each point of the
specular reflection of the light source in the image
and the estimated median position of the ideal specu-
lar reflection;
C1-II) from all of the estimated local gradients obtained
as an outcome of step C1-1 for at least one region of the
surface, operating the data processor to estimate a
position of any dents in the surface.
14. The method according to claim 10, comprising a step
C2 of operating the data processor processing device to
analyze the other images acquired in substep B2, to detect
any superficial defects in the surface.
15. A system for inspecting a surface able to reflect light,
the system comprising:
a flying drone according to claim 1; and
a data processor configured to:
to analyze a shape of a specular reflection of the
lighting device in all or part of the images of each
series of images acquired during the transient phases
to estimate a position of any dents in the surface; or

to analyze images acquired during the phases of
pseudo-hovering flight to detect any superficial
defects in the surface.
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